signed the SFS statement, because while we both see important benefits for GOF work involving PPP, we are nonetheless concerned about safety issues, and most importantly strongly support the common call for discussion. However, neither of us has supported the idea of a moratorium on this type of research (1, 2) .
In October 2014, the White House announced that the U.S. Government (USG) was implementing a "pause" of new funding for research involving GOF experiments with three respiratory viruses, influenza virus, Middle East respiratory syndrome (MERS) coronavirus, and severe acute respiratory syndrome (SARS) coronavirus, if that research could be "reasonably anticipated" to result in enhanced pathogenicity or increased transmissibility (3). They also asked that ongoing experiments which fall into this category be voluntarily stopped. During the pause, the USG has asked both the National Science Advisory Board for Biosecurity (NSABB) and the National Academies to engage in discussions aimed at determining how to assess the risks and benefits of GOF research. We ourselves have been calling for such deliberations and welcome that aspect of the White House announcement (1) . The events at the Centers for Disease Control and Prevention (CDC) this summer, in which a highly pathogenic avian influenza strain was accidentally shipped to a U.S. Department of Agriculture (USDA) laboratory and in which Bacillus anthracis spores were taken out of a laboratory without proper disinfection, heightened concern both in the scientific community and in the public about whether research with dangerous pathogens is being carried out with appropriate safety measures in place. These accidents, together with a growing chorus of scientists who are worried about GOF experiments (4), seem to have precipitated the government action.
Pauses and moratoriums are blunt instruments in science and carry the potential for unintended consequences. We recognize that the pause is a response from well-meaning government officials who are tasked with trying to find ways to minimize potential dangers from GOF experiments. We note, however, that depending on which interruptions of work are counted, this is at least the third pause/moratorium in this field, with the first being voluntary, the second requested by the USG (5, 6) , and the third being the current pause. We have numerous concerns with this third stoppage, including the timing of the announcement relative to the ongoing debate, the vagueness in the wording of the statement, and the potential effects on the fields of influenza virus and coronavirus research. Each concern will be discussed separately.
The timing of this pause is perplexing given that one might have expected this action to follow a concerted effort to explore the issues rather than to precede detailed discussions. Many have drawn the analogy between the current situation and that surrounding the advent of recombinant DNA technologies. However, there are significant differences: the discussions at Asilomar preceded a self-imposed moratorium by molecular biologists working on recombinant DNA technology (7) . It seems that this should have been the case now: the NSABB could have been deliberating on this topic in the 2 years that have passed since the GOF debate began with the publication of two manuscripts describing mammalian transmission of H5N1 influenza virus (8, 9) . Instead, the NSABB did not even meet, and this created a vacuum of discussion that may have contributed to the current crisis. In contrast, the government has responded to the heightened controversy by reactivating the NSABB while simultaneously calling for a pause of GOF work before a meaningful discussion. Although this course of action seems to emphasize safety and caution, it carries significant risks that we discuss below. It is also unclear to us why the pause is necessary, given that the government is already presumably providing an extra layer of review of GOF experiments that followed the prior moratoriums (http://www.phe.gov/s3/ dualuse/Documents/us-policy-durc-032812.pdf) and has asked institutions to do the same (http://www.phe.gov/s3/dualuse/ Documents/durc-policy.pdf).
We are concerned that the wording of the pause is vague and could have unintended consequences. First, the pause has no end date. Will the NSABB and the Academies be nimble enough to make concrete recommendations that are broadly acceptable within months? Given the pace at which these committees generally function, we worry that this will not be the case. Having the pause drag on for too long will affect not only research progress but also the careers of the scientists engaged in that research. Second, we worry about the meaning of "reasonably anticipated." Obviously this phrase is very subjective, and similar wording in the definition of dual use research of concern (DURC) has already made assessments of what constitutes DURC very problematic for journals and authors (10) . At one extreme, cautious researchers could over-interpret the vague wording and stop experiments that were not intended for inclusion in the pause order. For example, albeit somewhat extreme, any time one grows an RNA virus in the laboratory, even in cell culture, the error-prone nature of the viral RNA polymerase results in each progeny genome containing more or less one mutation. Any scientist versed in RNA virus biology could "reasonably anticipate" that some of these mutations would impose a gain of function on the virus. However, if one does not select for that function, it is extremely unlikely that that mutant will overtake the population. We therefore suggest that the intent of the experiment must be considered before making a determination of whether it should be paused.
The pause will almost certainly have a disruptive effect on several laboratories at a time when information derived from GOF experiments is beginning to bear fruit in pandemic preparedness. The accompanying articles from Stacey Schultz-Cherry et al. and Nancy Cox et al. describe how mutational information from GOF is producing actionable information on surveillance studies and selection of strains for vaccines (13, 14) . The pause means that some information from GOF experiments will cease to become available, with potential negative consequences on preparedness. Ongoing experiments will stop, and the vagueness of the wording raises the possibility that other work will not be done due to an abundance of caution. For example, there is tremendous need for rodent models of coronaviruses with pandemic potential, including the agents responsible for MERS and SARS. Such models could greatly facilitate the discovery of new drugs and vaccines. However, developing such models requires changing the host tropism of the virus, and as such they fall under experiments of concern despite the fact that human viruses often lose virulence as they adapt to other species. The current pause affects two dozen studies that include experiments to develop rodent models of coronavirus research (11) . In this regard, the reader may want to listen to a story on National Public Radio in which researchers discuss how the pause is affecting coronavirus research (12) . The inclusion of this work in the stoppage is an example of how pauses and moratoriums can be blunt instruments with major unintended consequences.
Finally, we worry that work being carried out by graduate students and postdoctoral fellows will be put on hiatus, causing disruption to their plans for completing their training. Although some will argue that this is a small price to pay for ensuring safety, we worry that this could have a tremendous effect downstream, as investigators may be discouraged from resuming such studies in the future. Furthermore, bright young scientists who have a choice of what research to pursue may avoid this area of investigation because of its controversy, unpredictability, and increased restrictions. Research output is not like a factory line that can be shut down and restarted depending on supply and demand. Instead, research output is dependent on the presence of ongoing projects by dedicated scientists who carried them out in good faith, hoping to generate useful information. When students and postdoctoral fellows stop such projects, they inevitably move to other projects and it may be difficult to jump-start GOF experiments once laboratories cease doing that type of work. As such, we are more concerned about pausing ongoing projects than delaying the start of new lines of investigation. Given that a healthy research enterprise is humanity's best defense against future threats from these respiratory pathogens, the pause could hurt future progress by discouraging the best and the brightest from joining this field. Hence, this pause, which is presumably intended to safeguard society from laboratory accidents and unintentional releases, could have the paradoxical effect of leaving humanity more vulnerable to future pandemics by virtue of the information that was not obtained.
As we have written previously, understanding the pathogenicity of these viruses is necessary if we want to develop new therapies and vaccines and ensure useful surveillance (1, 2) . Clearly, the research must be performed under biocontainment conditions that minimize the risk of accidental release. The discussion that the White House is asking for must occur because the status quo is not acceptable. We call on the government to provide clarity regarding what truly should be paused and for how long. We call on the NSABB and the National Academies to move rapidly on this issue, to consider whether the current biosafety practices put in place after the earlier moratoriums are sufficient, and if found to be so, to state so without a need for new layers of mandates for what is already a highly supervised field. To repeat ourselves (1), we must get this right.
